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IIpoBeyeH aHasIM3 BO3MO%KHBIX IPH4HH UW PakTOPOB 
BOSHHKHOBeCHHA aBapHit mpH Oypenuu vu OOnI4e 
ra3a. BaIacHeHO, UTO OHUM H3 OCHOBHBIX YCIOBHK 
BO3HHKHOBeCHHA ra30nposBsIeHHi ABJLACTCA 
(bironya B 


TIPCBbIMCHHA WIaCTOBbIM 


TOCTYMJICHHe IJIaCTOBOTO CTBOJI 
CKB@KHHbI BCICTCTBHC 
qaBieHvemM 3a00MHoro. IIpeyctaBpneHo onmucaHue 
CUCcHapHeB BeCpOATHBIX UU HaHOoslee OIaCHbIX IIO 
TIOCJICNCTBHAM aBapHi, K KOTOPbIM OTHOCATCA 
(pakeJIbHOe ropeHue BbIOpoca MIacTOBOro ra3a TIpu 
pa3srepMeTH3alHH OOopyOBaHHA CKBaxKHHEI U 
pactipoctpaHeHue cepoBogzopoyza mpu BBIOpoce 
IIacTOBOrO ra3a 6e3 BOCIIaMeHeHHA. OrpeyeseHbt 
pa3MepbI BepOATHBIX 30H eHCTBUA MopaxkKaroliux 
(akTOpoB aBapHii 10 KaxKTOMYy V3 ClleHapHeB u 
BO3MO2%KHOe KOJIMYECTBO 


ToctpayaBluux lpu 


peasIM3allHu STUX CIlCHapHesB. 


Ku1r04ueBble C10Ba: TexHociepHad Oe30lacHOCTh, 
aHaJIH3 PHCKOB, aHasIH3 Oe30macHocTH, cleHapHi 


aBapHii, OypoBadt ycTaHOBKa, He(pTera30Baa 
OTpaciIb, OxpaHa Tpyja. 

Bpejenne. TIpo6smema oOecneyeHHua 
IIPOMBILMICHHOH Oe30lacHOcTH  mpHodperaeT 


ocoOylO aKTyaJIbHOCTb Ha COBPeCMeHHOM 9TalIe 
IipeoOpa30BaHHit HU pa3BHTHA MIPOM3BOMTeIIbHBIX 
Kora 43-34 


CUI, Tpy4HOMpeycKa3syeMbIx 


COWUMAJIBHBIX, TCXHOFeCHHBIX HUH 9KOJIOPH4CCKHX 
MOCJICNCTBHM 4pesBLI4aMHbIX CHTyalMi BOSHUKaeT 
yrpo3a CyMeCTBOBaHHIO YeJIOBeYeCKOrO OOLeECTBA. 
OyHuM 43 IIPHHUWMOB cHcTeMbI ObecriedeHHA 
TIPOMBILLJICHHO-9KOJIOMM4eCKON Oe30nacHocTH 


ABJIACTCA Ce eKapHpoBaHne. 
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The paper provides the analysis of possible 
reasons and factors of accidents initiation. It has 











been established that one of the main reasons for 
the initiation of gas showings is the flow of 
formation fluid into the wellbore due to the fact 
that formation preesure exceeds bottom hole 
pressure. It presents the description of the 
scenarios of possible and the most dangerous 
accidents, which include jet fire of formation 
gas outbursts during the loss of pressure of well 
equipment and the spread of hydrogen sulphide 
at the release of formation gas without ignition. 
The probable zones sizes of damaging factors 
effects for each of the scenarios and the possible 
number of victims in_ these — scenarios 
implementation have been determined. 


Keywords: technosphere safety, risk analysis, 
safety analysis, accident scenarios, drilling rig, 


oil and gas industry, labor protection 


Introduction. The problem of industrial 
safety is of particular relevance at the present 


stage of reformation and development of 


productive forces, when, due to _ the 
unpredictable social, technological and 
environmental consequences of emergency 


situations there is a threat to the existence of 
human society. One of the principles of the 


system of industrial and environmental safety 


B degepanbHoM 3akoHe «O MpOMBILWIeHHol 


Oe30NacHOCTH OTMaCHbIx TIpOH3BOACTBCHHBIX 


OObeKTOB) CONepKUTCA aeklapalua 
IIPOMBILNWICHHOM Oe30MacHOCTH, Mpeswouararoular 
BCE€CTOPOHHIOW OLeHKYy PHCKa aBapHii, COMMAJIbHO- 
SKOHOMMYCCKHX H IKOJIOHYECKHX YrpoO3 Ha OCHOBE 
MOHUTOPHHTa U ayuTa Oe3onacHocTH OObexTa [1]. 
MouuTopHHr HM aHasiM3 pHcKa aBapHii Ha OMaCHBIx 
IIPOH3BOACTBCHHBIX OOBEKTAX ABJIACTCA COCTABHOM 
yacTBIO 


yupaBsleHua TIPOMBILLJICHHO- 


IKOMOFHYeCKON Oe30MaCHOCTbLO. 


OObekT uccieqoBanHuA. bypospad ycTaHoBKa 
UNOC 500 DE (UNOC 
mpousBoyctBo Uralmash (Rus), NationalOilWell 
(USA), Caterpillar (USA)) — 9TO zu3enbHas 
OypoBad ycTaHOBKa Cc 


COBMCCTHOE 


TipeyesbHoH OypoBoit 
ryOuHon 6500 M u MpeyenbHow Harpy3KoH Ha 
CTBOJIBHBIM Kp1OK 500 T, pousBeyeHHad B 1994 r. 


Oxcilyatupyetca OypoBpai ycTaHOBKa Ha 
TeppuTopuu ActTpaxaHcKoro ra30KOH]jeHCaTHOrO 
MeCTOPOXKeHHA (AIKM). Mectopox qeHHe 


HaxOJHTCA B toro-3anagqHouw yacTu IIpuKkacnuiicKon 
BiaMHb!. Pa3smMeppi 3asexu 100x40 km, oOmiaa 


4 wy 
. Pa3Mepbl pa30ypHBaemoit 


momayb 2450 km 
yacTH MeCTOPOXKACHHA cCocTaBIAIOT 60x28 kM. 
TInoujaap rOopHOro OTBOa (OW ab 
JIMLCH3HOHHOLO yyacTKa) cocTaBsiaet 144 927 ra. 
IratHat 4MCeHHOCTb paOOTHHKOB y4acTKa 
BeyeHHA OypoBbIx padoT cocTaBsaeT 35 4eOBeK. 
Bypeune OCYLIeCTBIACTCA HeIIpepbIBHO 
(KpyrsiocyTouHo). PadoTbr BexyTca MOCMeHHO. 
TIpoqomKuTebHOCTb pabouel CMeHbI COCTaBJIAeT 
12 qacos. TIponecc pa3padoTKu 
OKCIUIyaTalMOHHOW CKBa:KHHbI COCTaBJIAeT OT 7 
yo 12 MecaleB B 3aBHCHMOCTH OT BHa OypeHua 
CTBOJI€ CKB@KHHbI (BeCPTHK@JIbHbIM, yCJIOBHO 
HaKJIOHHBIM). HanOomee onacHbIMH BellleCTBaMH, 
IIPHCyTCTBYIOWIMMH Ha OypoBoli ycTaHoBKe, 


ABJIAIOTCA IIaCTOBbIA a3, cCepoBoyopoy, u 


AM3CJIbBHOeC TOINJIMBO. 
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protection is its declaration. 

The Federal law "On industrial safety of 
hazardous production facilities" contains the 
declaration of industrial safety, involving a 
comprehensive assessment of accidents risk, 
socio-economic and environmental threats on 
the basis of monitoring and safety audit of an 
object [1]. Monitoring and analysis of accidents 
risk at hazardous industrial facilities is an 
integral part of industrial and environmental 
safety management. 

The object of research. The drilling rig 
UNOC 500 DE (UNOC is a joint production of 
(Rus), NationalOilWell (USA), 
Caterpillar (USA)) — a diesel drilling rig 


Uralmash 


produced in 1994 with a maximum drilling 
depth of 6.500 m and a maximum load on the 
receiver hook of 500 tons. The drilling rig is 
used on the territory of the Astrakhan gas 
condensate field. The field is located in the 
southwestern part of Peri-Caspian Depression. 
The deposit size is 100x40 km; the total area is 
2450 km’. The drillable dimensions of the field 
are 60x28 km. The area of mining allotment (the 
licensed area) is 144 927 ha. 

Drilling staff is 35 people. Drilling is carried 
out continuously (round the clock). Work is 
conducted in shifts. The duration of a work shift 
is 12 hours. The process of operating well 
development ranges from 7 to 12 months, 
depending on the kind of wellbore drilling 
The 


hazardous substances on the rig are formation 


(vertical, relatively inclined). most 


gas, hydrogen sulphide and diesel fuel. 
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Bo3sMoxKHbIe II pH4HHbI BO3HHKHOBeHHA Possible causes of accidents. Emergency at 
apap. Apapuiinad cuTyalMa mp McTeyeHHu gas fluid escape from the well is usually 
ra ; : 

Sonoro mova M3 OKBAKHHE OOBMHO connected with the uncontrolled release into the 


OTOXKCCTBIIACTCA C HeYIIPaBJIAeMbIM BbIOPOCOM B 
aTMocdepy, IPH KOTOPOM MO%KHO BBIeCIMTb Tpu 
oyIeMeHTA: 


MCTOUHUK (1IpupoqHoe 


TeXHOreHHoe CKOIIeHHe (rouya B TTyYOMHHOM 


WJIM 


liacte), KaHajlI (yuacTOK cTBOJIa, OOcCaqHbIe WIM 


TpyOs!), 
yuacTOK (BbIXOJHOe CeYCHHE KOJIOHHBI WIM OTBOLA, 


HaCOCHO-KOMIIpeccopHBle BbIXOJHOM 
ycTbepoe oOopyyoBaHue). M3 anasM3a CBOMCTB 
oOpalllaeMbIx Ha OObeKTe BeLICCTB MOXKHO CJleaTb 
BBIBOX, 4TO pa3srepMeTH3alHa oOopysoBaHna 
MOET IIPHBeCTH K BbIOpocy ra3oBoro dsronya [2]. 

OHUM V3 OCHOBHBIX yCJIOBHii BO3HMKHOBeCHHA 
ABIIACTCA 


ra3orip OABJICHHM MOcTYMJICHue 


liacToBoro yrousa B CTBOJ CKBaKMHBI 
BCJIE[CTBHe IIpeBbIMIeCHHA TWIaCTOBbIM JaBJICHHeM 
3a00HHOrO. Bo3Mo2KHO BO3HHKHOBeHHe 
Tra30nposBeHHi WU pH HaMyHH WOcTaTOUHOTO 
IIPOTHBOWaBICHHA Ha UPOAyKTHBHbIM WiacT mpu 
TOCTyMIeHHH WyacToBoro dmrouya B  CTBOI 
CKBAKHHbI B pe3syibTate Wud@dy3HOHHbIxX WIM 
OCMOTH4eCKHX _—sTIpOLeccos, 


3aMeIeCHHA, KOHTpakKUMOHHBIX 9PMeKTOB, BLICOKOI 


TpaBHTawHOHHOroO 


CKOpocTu pa30ypuBaHHA Ta30HacbIMeHHBbIX MOpoy 
wT. 1. [3]. 

Bo3HHKHOBeHHe HM pa3BHTHe ra30lposABJICHHi H3- 
3a HeypaBHOBeCLUeCHHOCTH IWWJIacTOBOrO aBsIeHHA 
THpOcTaTH4ecKHM JaBIeHHeM cTONIOa pacTBopa B 
CTBOJIC CKBAXKHHbI MO2KECT ABHTBCA CJICACTBHEM: 


e olIMO0OK B TIPOrHOSHpOBaHHH = TJIaCTOBbIX 


aBueHuin WIM olpeqeeHHu IIpoeKTHOH 
IIIOTHOCTH OypoBoro pacTBopa; 
e TeCKTOHHMYCCKHX HapylueHHi B patoue 


OypoOBbIX paOOTH BCKPbITHA 30H C AaHOMAIIbHO 
BbICOKHM IJIaCTOBbIM JjaBJIeHHeM; 

e pa30ypHBaHHa HeCOBMeCTHMBIX MHTepBaslOB 
(rHypopa3pBIB, 
ruypoctaTHyeckoro aBseHHa crTou0a OypoBoro 


OypeHua MormolujeHue 
pacTBopa Ha IIpOAyKTHBHbIM TOpH30HT); 

e ommOok B onpeyeseHuu rryOnMHEI 3asleraHua 
IIPOAYKTHBHBIX OTIIOKEHUH; 

e HeOCTATOYHOLO OllepaTHBHOTO KOHTPOJIA 3a 
TeKYLIJMMU W3MeCHeCHHAMH IIIaCTOBBIX aBIeHH 


BCJICHCTBHEe 3aKOHTYPHOTO 3aBOAHCHHA WH Apyrux 
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atmosphere in which we can distinguish three 
elements: a source (natural or anthropogenic 
accumulation of fluid in the deep layer), a 
channel (a part of a hole, well casing, or tubing), 
an output site (output section of a column or an 
outlet, wellhead equipment). From the analysis 
of the properties of the used on the object 
substances it can be concluded that the loss of 
pressure of the equipment may result in the 
release of gaseous fluid [2]. 

One of the main reasons for the initiation of 
gas showings is the flow of formation fluid into 
the wellbore due to the fact that formation 
pressure exceeds bottom hole pressure. The 
initiation of gas showings is also possible at the 
presence of sufficient back pressure on the 
productive formation during the flow of 
formation fluid into the wellbore in the result of 
diffusion or osmotic processes, gravitational 
substitution, contraction effects, high drilling 
speed of gas-saturated rocks, etc. [3]. 

The 


showings due to the unbalance of formation 


initiation and development of gas 


pressure by hydrostatic pressure of the solution 
column in the wellbore can result from: 

e errors in the prediction of formation 
pressure or the determination of project density 
of drilling mud; 

e tectonic disturbances in the drilling area 
and the opening of zones with abnormally high 
formation pressure; 

e drilling with incompatible intervals of 
drilling (hydraulic fracturing, absorption of 
hydrostatic pressure of the mud column on the 
productive horizon); 


e errors in determining the occurrence depth 





(bakTopos; 
OypoBOoro 
%KUKOCTH TIyWIeHHA CKBa2KMHbI C 3aHWKeHHOI 


® MHCIOJb30BaHHA pacTBopa WIM 
IUJIOTHOCTHIO; 


@ CHY?KCHHA THApocTaTWyecKoro AaBJICHuNA 


cTtom0a § pacTBOpa H3-3a 


CKBQ@KHHE B pe3yJIbTaTe MOrIOU,eCHHA; 


lajeHHA ypOBHA = BB 


®@ CHYKCHHA THApocTaTuyeckKoro AaBeCHiA 
cTom6a pacTBOpa H3-3a HeOJIMBa CKBaXKHHbI pH 
I1OJ{beMe KOJIOHHBI TpyO; 

© CHMMKCHHA IJIOTHOCTH OypoBoro pacTBopa mpu 
ero XHMH4ecKol OOpaborKe; 

® CHYKCHHA 


THApoctaTHuyeckoro AaBJICHHNA 


cTom0a pacTBopa 3-34 TlepeTOKOB, 


OOYCJIOBJICHHBIX Pa3HOCTbIO IWIOTHOCTeiM pacTBopa 
B TpyOHOM H 3aTpyOHOM TIpoctpaHcTBax; 


® yMecHbIUeHHA 3a00MHOrTO § aBeHHA pu 
ycTaHOBKe %KHJIKOCTHBIX BaHH C  HMu3KOii 
IIOTHOCTBIO = pacTBopa pH  JIMKBHAalMu 
TIpHxBaros [4]. 

IIpwannamu BO3HHKHOBCHHA OTKPBITBIX 
(POHTAHOB ABIIAIOTCH: 

@ HeCOOTBETCTBHe KOHCTPYKIMH CKBaxKHHBI 


(bakTH4eCcKHM TOPpHO-reoJIOTH4AeCKUM YCJIOBHAM; 


© HECOOTBETCTBHE IPpOUHOCTHBIX XapakKTepHCTHK 


yCTaHOBJICHHOTO IIPOTHBOBbIOpOCOBOTO 
oOopyqoBaHHA (bakTH4eCKHM JjaBJICHHAM, 
BO3HHKarOllHM B Tmpoljecce JIMKBUAalHu 
ra30npoABJIeHHH; 

e H3KOe KauecTBO MOHTaKa 
IIPOTHBOBbIOpOCcoBOro oOopyq0BaHHA, 


HecoOsHOJeHve YCIOBH ero 9KCIUIyaTallun; 

e oTCTyMIeHHe OT MpOeKTHOM KOHCTpyKIMH 
CKB@KHHbI, HapylleHWe TeXHMYeCKHX yCIOBUii 
CBHHYMBAaHUA OOCaTHbIX TpyO (HeMOMyCcK KOJIOHH 
nie) IIPOCKTHBIX OTMETOK, HerepMeTHYHOCTB 
pe3bO0BbIxX COeMHeHHH H T. I1.); 

@ HeKauyeCTBeHHOe I[eMeHTHpOBaHve OOcaHbIx 
KOJIOHH; 

OypHIbHOM 


@ OTCYTCTBHE B KOMITOHOBKE 


KOJIOHHBI WapoBoro KpaHa WIM OOpaTHOro KJalaHa 
[5]. 

Hemasipii BkIa, B OMaCHOCTb pa3repMeTH3allHu 
CKBa2KHHHOTO 


oOopy0BaHHA BHOCAT 


WpoTekKaromHe B YCIOBHAX OObIMUu TJ1acCTOBOro 
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of productive sediments; 

e lack of operational control over the 
ongoing changes in formation pressure due to 
edge flooding, and other factors; 

e use of drilling mud or well killing fluid of 
low density; 

e reduction of hydrostatic pressure of the 
solution column due to the fall in level in the 
well as a result of absorption; 

e reduction of hydrostatic pressure of the 
solution column due to incomplete filling of the 
borehole when lifting the pipe string; 

e reduction of drilling mud during its 
chemical processing; 

e reduction of hydrostatic pressure of the 
solution column due to the flow caused by the 
difference in density of the solution in tube and 
annular spaces; 

e reduction of bottom hole pressure with the 
installation of a fluid bath with low solution 
density at the elimination of stickings [4]. 

The reasons for open flow initiation are: 

e discrepancy between the well design and 
the actual mining and geological conditions; 
between the 


e discrepancy strength 


characteristics of the installed blowout 
prevention equipment and the actual pressures 
arising in the process of gas showings 
liquidation; 

e low quality of installation of blowout 
prevention equipment, failure to comply with 
conditions of its operation; 

e deviation from the well design, the 
violation of technical conditions of casing 
spinning (underreaching of columns the design 
level, leakage of threaded connections, etc.); 

e poor cementing of casing strings; 

e absence of stabbing valve or ball valve in 
the drill stem assembly [5]. 


Hydrodynamic processes occurring in the 


———3,——— 





sarety 


ra3a ruspoyMHaMuMyecknue Mpoiecchl. XapakTepHoit 
OCOOeCHHOCTHIO JaHHbIX MPOIeCCOB ABIIAeTCA MX 
HeCTal[MOHapHOCTb: IlyIbcalua moToKa, 
oOpa30BaHHe ylapHbIX BOJIH, 30H pa3psxKeHHA. 
3Ha4dHTeIbHBIEe mepenaybl AJaBJICHUA, 
JMHaMM4ecKHe UH CTaTHYeCcKHe Harpy3KH CO3arOT 
jedopMal{HoHHOro 


MeTalJisIa. HectaljMoHapHoctTs TpoweccoB MOKCT 


YCJIOBHA HASTA cTapeHuaA 


pHBecth K BHOpaywH KOMMYHHKauMii = 
oOopyioBaHua, 


oOopyaoBaHHa Hu 


HapyllieHvi0 TepMeTH4HOCTH 
TpyYOOMpOBOOB BIIOTB 0 
MOJIHOrO HX pa3spylmieHnas [6]. 

IIpupenqemM pa Tpw4HH BO3HHKHOBeCHHA 
aBapMHHBIX CHTyallMii, CBA3aHHbIX C OIMOKaMH, 
3alla3{bIBaHHeM, Oe3elicTBHeM [epcoHasia B 
ITATHBIX HW HeWITaTHbIX CHTyallMAx: 

e HapylieHwe OJDKHOCTHBIX MHCTpyKUMi u 
WHCTpyKUMH 0 BbIMOJHEHHIO TEXHOJIOrM4YeCKHX 
onepalni; 

e omwmOouHbIe elicTBHa pw PeMOHTHBIX 
padotax Ha oObeKTe; 


e@ 3ala3qbIBAaHHe TipH UpPHHATHWM peiuenHuA IO 


3aIeHCTBOBaHHI0 HYy?KHOrO YPOBHA CHCTeMBI 
3alMTHI; 
e Oe3qelicTBHe MH 8 omllMOKaB eMCTBHUAX B 


HellTaTHOW CUTyallHn; 
e IIpoBeyeHve TOCTOAHHbIX WIM BPeMeCHHBIX 
OrHeBbIX padoT 6e3 Ciel{MasIbHOTO pa3pellieHHa. 


OcoOeHHocTH TexHONOrM4ecKoro mporecca 
TpeOyroT OT oOcily2KuBarollero Tepcouasia 
BLICOKOH KBaIMduKalwu UW MOBbIMIeHHOTO 


OcoOyro onmacHocTb lpeCTaBsIAIOT 
oumMOKH pH fMycKe MW OCTaHOBKe 


BHUMaHH4A. 
CKBaKHH, 


BeJIeCHHH = peMOHTHBIX,  mpodusiakTH4ecKHx u 
Upyrux paOoT, CBA3aHHBIX C HeycTOM4YHBbIMu 
TlepexOJHBIMU pexKHMaMnH. B ciryuae 


HeMpaBHJIbHBIX JeHCTBHM Mepcouasia CyljecTByeT 
BO3MO2KHOCTB pa3srepMeTH3allMu CHCTeM u 
BOSHHKHOBCHHA aBapHHHbIX CHTyalui [7]. 

Take CylecTByeT pa], NIPH4HH, CBA3AHHBIX C 
«BHELIHHMM>> BO3eHMCTBHAMH pwpoyHoro uu 
TEXHOreHHOrO XapaktTepa: 

© yparaHHBble BeTpbI; 

© CHEKHBIC 3aHOCbI H aHOMAJIbHOe MOHMKeHHe 


(MIOBbILMeHHe) TEMIepaTypbl BO31yXxa; 
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production of reservoir gas make a considerable 
contribution to the risk of loss of pressure of the 
downhole equipment. A characteristic feature of 
these processes is their nonstationarity: flow 
pulsation, shock waves formation, and vacuum 
areas formation. Significant pressure 
differences, dynamic and static loads create 
conditions for strain aging of metal. The 
unsteady flow processes can lead to vibration of 
communication and equipment, leakage of 
equipment and pipelines up to their full 
destruction [6]. 

Here are some of the reasons for emergencies 
connected with errors, delay, inaction of 
personnel in standard and emergency situations: 

e violation of the official instructions and the 
instruction on conducting — technological 
operations; 

e erroneous actions during repair works at 
the facility; 

e delay in the decision to use the desired 
level of security; 

e omission and error in actions in emergency 
situations; 

e carrying out permanent or temporary hot 
work without special permission. 

The technological process features require 
staff of high qualification and attention. Of 
particular danger are the mistakes at starting and 
stopping wells, repair, maintenance and other 
works connected with the unstable transitional 
regimes. In case of personnel wrong actions 
there is the possibility of systems loss of 
pressure and emergency situations [7]. 

There is also a number of reasons related to 
external impacts of natural and technogenic 
character: 

e hurricane-force winds; 
decrease 


e snow drifts and anomalous 


(increase) in air temperature; 


> . ~ ‘O . D (O 





e onmayaHve o0opyq0BaHHa B 30HY JelicTBHA 
Topaxarolmux dakTopoB aBapHii, mpouciwieqmHx 
Ha COC€JHUX OObCKTAX; 

e llpeqHamMepeHubtle AevicTBua (quBepcus) [8]. 
(baxTopos, 
CHOCOOCTBYIOIIMX BO3HHKHOBCHHIO H pa3BHTHIO 


K qucily BO3MO?KHBIX 


aBapHit Ha CKBa)KMHaX, OTHOCATCA cJleqyrouMe 
(pakTopBt: 
© B3PbIBOOMACHOCTh IacTOBOrO (pO a; 


@ BBICOKHe WapaMeTpbl WacTOBOrO aBJICHH4A, 


Ope Ae AFOMMe BO3MO2KHOCTh yuaacTua 
SHAYUHTCJIBHbIX Macc TWJ1aCTOBOTO cburonyza B 
aBapHaAx, U4TO, B CBO oO4epenb, Ollpeesa1erT 


BbICOKHe 3HAYCHHA IHEPreTHYCCKUX MOTeHIMAaIOB, 
3HayeHHA MWIOTHOCTH u ckopocTu 
3HEPIOBbIeeHHA, U3ObITOUHOTO aBJICHHA B3PbIBa 
WM Jpyrux MapaMeTpos yapHOl BOJIHBI; 

© HeOOXOJHMOCTB 


paodort; 


IIpoBeyeHuaA Tra3z00MacHbIx 
@ HeOOXOMMOCTB oOcIyKHBaHHA 
oOopyz0BaHHA OypoBo ycTaHOBKH VM CKBaxKHH IIpv 
HeOsaronpHATHBIX MeTeOPOJOrHYeCcKUHX YCIIOBHAX 
B CBA3H C 
Tporecca [9]. 
Bee BblllenepeyucieHHble IPH4nHHbI U PakTOpsl 


MOryT 
pa3sIM4HBIX MaciTados. 


HCIIpepbIBHOCTbHO TCXHOJIOrM4eCCKOLTO 


IIPHBeCTH K aBapHMHbIM CHTyallHAM 


Kparkoe onucanne cueHapHeB BepOATHBIX 
HanOoJlee OMAaACHbIX 10 MOce_CTBHAM aBapHii. 
Ha ocHope aHasIMv3a Tpv4YHH BO3HHKHOBeCHHA 
aBapHli uU dakTOpoB, OlNpeeuAOWMx UX MCXOTBI, 
yueTa OcOOeHHOCTeH MpOBOAMMBIX paOoT, CBOMCTB 
OMaCcHBIX BellecTB, OOpallarolluxcad Ha MOWayKaX 
CTPOHTeJIbBCTBa CKBaxKHH Ha OObeKTe, aBTOpaMu 
ompeyeseHbI cyleqyioujwe THMOBbIe clleHapnu 
aBapun: 

e cueHapnit 1 (C1) — BbrOpoc maacToBoro ra3a 
6e3 BOCIIIaMeHeHHA, paclipocrpaHeHue TOKCHYHOM 
mpumecu. Uactota aHHOW aBapvi COCTaBJIAeT 
BeIM4MHY, paBHyto 9,30 E—03, 1/roz. 

e cyeHapHit 2 (C2) 


ropenve wiyerida 
IIacTOBOTO (pou a. 

B xauectBe HanOomee onacHoro ompeyeneH 
clleHapHii, CBA3aHHBIM Cc (aKeJIbHbIM TropeHHemM 
BbIOpoca, CONPOBOXK TatOWMHCA 3HAYHTCJIBHBIM 
COMMAJIbBHBIM HM MaTepHasIbHbIM yiepOom. Uactota 
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e getting equipment in the area of the 
affecting factors of accidents, which happened 
on nearby premises; 

e deliberate actions (sabotage) [8]. 

To the possible factors contributing to the 
initiation and development of accidents at wells 
we can add the following factors: 

e the explosiveness of reservoir fluid; 

e high parameters of reservoir pressure, 
determining the possibility of participation of 
large masses of formation fluid in accidents, 
which in turn determines the high value of 
energy potentials, the values of density and 
speed of energy release, the excess explosion 
pressure and other parameters of shock wave; 

e need for gas hazardous work; 

e need for equipment maintenance of drilling 
rig and wells in adverse weather conditions 
because of the continuity of the technological 
process [9]. 

All of the above mentioned reasons and 
factors can lead to emergency situations of 


various scales. 


Brief description of scenarios of likely and 
the most dangerous consequences. of 
accidents. Based on the analysis of the causes 
of accidents and factors that determine their 
outcomes, considering the peculiarities of work, 
properties of hazardous substances on well 
construction sites, the authors have identified 
the following typical scenarios of an accident: 

e scenario 1 (Cl) — blowout of reservoir 
gas without ignition, spread of toxic impurities. 
The frequency of this accident is 9.30 E- 
0)3.1/year. 

e scenario 2 (C2) —combustion of plume of 
reservoir fluid. 

The scenario connected with blowout jet fire, 
accompanied by significant social and material 
damage has been identified as the most 
dangerous one. The frequency of this accident is 


——3),——— 





naHHow aBapHuH COCcTaBJIAeT BeCJIMUMHY WOpATKa 


Levy 


9,06E-04, I/roy [1]. 


OnucaHua HaHOolee omacHoro Hu HanOosee 
BepOATHOTO ClHeCHapHeB aBapuii Ha yudacTKe BeeCHuA 


OypoBBIx paOoT MpuBeyeHbI B TaOmnue |. 


9.06 E—04. 1/year [1]. 


The descriptions of the most dangerous and 


the most 


probable scenarios of accidents at the 


site of drilling activities are given in table 1. 


Tadmuua 1 
Table 1 


Kpatkoe onmcaHne clleHapHes aBapuii 


Brief description of accident scenarios 





HanOovree onacHbii cueHapnit 
The most dangerous scenario 


HanGo.lee BepoxTHbIN CHheHapuit 


The most likely scenario 





Ne coenapua 


Onucanne cleHapua 


Ne coeHapua 


Onucanne cleHapua 








Scenario Description of scenario Scenario Description of scenario 
no. no. 
IlomHaad pa3repMeTu3aI{Ha OOCaqHBIX 
TlonHasa wim “acTn4uHasr 
KOJIOHH, MOZ3eMHOrO OOopysOBaHHA 
CKBaxKHHBI, —> HCTeYeHHe TIacTOBOrO pasrepMerTn3atua OOCaTHBIX KOIOHH 
(burronga 13 oTBepceTHa|CueHapuit C1 MOA3eMHOro Obopy10BaHHA 
Cuenapnit C2 pa3repMeTu3alnu — Pacmpoct CKB@KHHbI — HcTeyeHue 
@MakeIbHoe BOCIVIaMeHeHHe UcTeKarollero = Ta3a = panenue IacTOBOrO PON Aa U3 OTBEpCTHA 
ropenue |” Ee Osenne TOKAPAa Fepoposoporal pa3srepMeTu3allMH — OTCyTCTBHe 
KOJIOHHOrO Tula — TepMH4deckoe 
BbIOpoca 7 IIpH BbIOpoce | BOCTIIaMeHeHHA UCTeKarollero raza 
BO3TeHCTBHe Ha = TeXHOMOrMYecKOe 
ILacCTOBOr IlacTOBOr > WBaHue Ta3a B ATM 
acTOBOTO | Gonynopanne, repconast —> CTOBOTO pacceuBaHue ra3a B arMocdepe 
ra3a 0p — oBpexkyeHHe KOHCTpyKUMit ra3a 6e3 — oOpa30BaHHe  paciipoctpaHeHue 
oOopyq0BaHu OypoBoit YCT@HOBKH, nojlyueHHe BOCIIJIAMCHCH ooslaka CcepoBoyoOpoya 
CKB@KHHBI JIFObMH OXKOFOB pa3sIM4HOU CTemeHu WA. TlopaxkeHHe IOe B 30HE 
[OKeCTH, a TaKXKe TpaBM OT paciipoctpaHeHua CepoBoyoposa. 
maqarolulux IpeyMeToR WIM evcTBHA| 
BBC -— notepa KOHTpolaA  3al 
CKBaKHHOM — rlyiiieHWe CKBa2KMHBI. 
Full loss of pressure of the casing, 
underground equipment wells, — ; 
leak - y 7 P fluid fi Full or partial loss of pressure of 
eak of formation fluid from a . : 
5 : ea hol ee, f th Scenario Cl casing of the underground wells 
cenarlo eakage nole — ignition of the : : : 
& & Spread of | equipment — leak of formation fluid 
C2 exhaust gas — column type fire > 
; ; hydrogen from a leakage hole — absence of 
Jet fire of | thermal effects on the technological é ner ‘ 
; ; sulfide at ignition of the escaping gas — gas 
reservoir | equipment, personnel — damage to . ie 
bl ; ‘ties i the blowout dispersion in the atmosphere > 
as blowout | the structures of the rig, people get ; : ee 
g ; 8 i il of reservoir formation and distribution of 
at burns of various severity, as well as ; 
oe ; ; _ | gas without | hydrogen sulfide clouds — effect on 
downhole | injuries from falling objects or air ee . 
ie a ignition. the people in the area of hydrogen 
equipping | force activity — loss of control 





over the well — killing the well. 








sulfide distribution. 
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TaOmuua 2 
Table 2 


Pa3Mepbl BepOsATHBIX 30H JelHCTBHA Mopaxaroljux PakTOpoB aBapuli 


The size of the probable zones of accidents damaging factors 








HanOoslee onacHbiii . 
. HanGo.lee BepoxTHbIii 
een cleHapnii 
The most dangerous . P : 
: The most likely scenario 
scenario 
Cuenapuit C2 Cuenapuit Cl 
@akejIbHOe ropeHne PacitpoctpaHeHne 
BbIOpoca IacTOBOTO cepoBoyxopoya npn 
IlapameTpbI nopaxeHun 
ra3a lIpu BbIOPOCe MIacTOBOrO 
. a3repMeTH3allHH ra3a 6e3 
Destruction parameters P P 
oOopyioBaHua BOCIIIaMeHeHHA. 
CKBaKHHBI. 
Scenario C2 Scenario C1 
Jet fire of reservoir | Distribution of hydrogen 
gas blowout at the sulfide with the blowout 
loss of pressure of of reservoir gas without 
well equipment. ignition. 











Cuenapnii C2 / Scenario C2 
@Make.IbHOe ropeHHe BLIGpOca MacToBoro ra3a. CTO Ta3npom 2—2.3—-400—2009 


Jet fire of reservoir gas blowout. STO Gazprom 2-2.3-400-2009 











Bpicota (bakeJIa B MOMeHT BbIOpoca, M 10 64 

The plume height at the time of emission, m up to 64 - 
J{uametp dbakesia, M mo 32 

The plume diameter, m up to 32 - 

IryOuHa 30HbI TePMHYeCKOrO BO3TeHCTBHA C 

TeIIOBLIM TOTOKOM 15 KBt/M?, M mo 39 

The depth of the zone of thermal influence with a up to 39 7 

heat flux of 15 kW/m’, m 











Cuenapnii C1 / Scenario Cl 
Bui6poc nacrosoro ra3a 6e3 Bocn.amMeHeHua. CTO Ta3npom 2—2,3—400-2009 


Reservoir gas blowout without ignition. STO Gazprom 2-2.3-400-2009 





Bpicota BbIOpoca B MOMEHT BbIOpoca, M 





mo 64 

The height of blowout at the time of blowout, m - up to 64 
J{uametp dbakesia, M 7 mo 32 

The plume diameter, m up to 32 











Pacnpoctpanenne cepososopoya / Hydrogen sulfide distribution 


Vusepcena, | m/c 
Inversion, I m/s 
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IryOuHa 30HbI CMepTesIbHOro MopaxkeHHA 
(Bpema 9kKcno3sHyHH 120 cex.) 
The depth of the lethal area (exposure time 120 sec.) 


41/-1 





Tlomymmpuna 30HbI/Ha paccTosHMn, M 
The half-width of the zone/distance, m 


129/42 





IsryOuHa 30HbI CMepTesIbBHOrO TopaxKeHHA 
(Bpema skcno3HyHH 1800 cexk.) 
The depth of the lethal area (exposure time of 1800 sec.) 


7T99/-12 





Tlomymmpuva 30HbI/Ha paccTosHuH, M 
The half-width of the zone/distance, m 


711/684 





IryOnua 30HbI TOporoporo TopaxeHuad 
(Bpema 9kcno3sHyHH 120 cex.) 
The depth of the threshold destruction zone 
(exposure time 120 sec.) 


61/-1 





Tlomymmpuna 30HbI/Ha paccTosHun, M 
The half-width of the zone/distance, m 


170/-61 





IryOnHa 30HbI MOporoBoro MopaxkeHHuAa 
(Bpema 9Kcrio3sHuHH 1800 cek.) 
The depth of the threshold destruction zone 
(exposure time of 1800 sec.) 


1243/-12 





V30Tepmna, 3 m/c 
Isothermy, 3 m/s 


1043/1032 





IryOnHa 30HbI CMepTesIbHOro MopaxkeHua 
(Bpema 9kKcno3sHyMH 120 cex.) 
The depth of the lethal area (exposure time 120 sec.) 


101/-2 





Tlomymmpuna 30HbI/Ha paccTosHun, M 
The half-width of the zone/distance, m 


74/95 





IryOnHa 30HbI CMepTesIbHOro MopaxkeHua 
(Bpema 9kcno3HyHH 1800 cexk.) 
The depth of the lethal area (exposure time of 1800 sec.) 


722/42 





Tlomymmpua 30HbI/Ha paccTosHuH, M 
The half-width of the zone/distance, m 


97/426 





IryOnHa 30HbI TOporoBoro TopaxeHua 
(Bpema 9kKcno3sHyHH 120 ceK.) 
The depth of the threshold destruction zone 
(exposure time 120 sec.) 


190/—2 





Tlomymmpuva 30HbI/Ha paccTosHMn, M 
The half-width of the zone/distance, m 


104/65 





IryOuHa 30HbI TOporoBoro MopaxkeHHuA 
(Bpema skcno3HyHH 1800 cex.) 
The depth of the threshold destruction zone 
(exposure time of 1800 sec.) 


3752/43 








Tlomymmpuva 30HbI/Ha paccTosHMH, M 
The half-width of the zone/distance, m 








192/1749 
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CBezenna 1) 


BO3MO2KHOM 4HCIe 
nocTpasqaBuinx, BKIOUaH NOrHOWMx cpequ 
paooTHHKOB H HHBIX ®u3nyuecknx snu. [pu 
OLeHKe KOIM4eCTBA TlocTpayaBlwiux OBI 
CHeuaHbl cieayromume Womyujenua [10]: 

e 80 % mepconanaHa momayke OypeHna 
HaXOJMTCA BHE MOMeLeHHH; 

e HellocpeqCTBeHHO y OypoBoro- cTBONa 
HaxOJIMTca 3 4esIOBeKa; 

e BeCb Hepconasl Ha mIoWayKe OypeHuaA HMeeT 
H30JIMpylOWMe IpOTHBOra3bl; 

e BeCb [epcOHal CTOPOHHHX opraHn3alnit, 
(YOO 


TMWY OOO «la3npom gobsra ActpaxaHb»), 


3aHATBIX Ha OyIM3NeExKallIMx OOBeKTAX 
MMeeT H30JIMpyrollve MpOTHBOra3Bl. 


Bpema 9KCIO3HUMH Ia mepconasia 
oObektTa u Tepconara OOO «Ia3mpom oOnrma 
AcTpaxaHb» IIPHHATO paBHBIM 120 ceK., Tak Kak 
TIIOWMaKU CTPOHTeIbCTBA CKBAKHH HU BeeCHHA 
PCMOHTHEIX paooT pacrioOx*KeHbI Ha paccTosHUH 
Obonee 100 M oT CKBaxKHHHEIX mIOMWaqoK OOO 
«la3mpoM joOsra AcTpaxaHb», a rmryonHa 
pactipoctpaHeHua oOjaka He mpeBbimiaeT 50 M. 
B3ppipa = paciipocTpaHsaromeroca oOslaka Ha 
aHHOW TeppHTOpHH He TpOorHosupyetca, Tak Kak 
TIOWMaKH CTPOMTeJIbCTBa CKBaX%KHH HU BeeCHHA 
PCMOHTHBIX paooT paciioOx%KeHbI Ha paccTosHUH 
Oonee 100 M oT BaxTOBBIX TOposKOB Mepconaa 
(bummana, B TO BpeMaA KkKaK  ryyOnHa 
paciipoctpaHeHua oOslaka He pesbiiaetT 50 M 
[ii]. 

Bo3MoxKHOe KOUM4YeCTBO TOCcTpayaBlIHx 


IIpH peasmm3aluu aBapuit mpuBezeHo B TaOsute 3. 


The information about the potential number 
of victims, including victims among the 
employees and other individuals. When 
assessing the number of injured people the 
following assumptions have been made [10]: 

e 80% of personnel on the drilling site is 
located outside the premises; 

e 3 persons are near the drilling hole; 

e all personnel on the drilling site have red 
packs; 

e all the staff of other organizations working 
on the nearby objects ("Gazprom dobycha 
Astrakhan") have red packs 

The exposure time for the staff and personnel 
"Gazprom dobycha Astrakhan" is assumed to be 
120 seconds, as the site of well construction and 
repair works is located at a distance of more than 
100 m. from borehole sites of "Gazprom dobycha 
Astrakhan", and the depth of clouds distribution 
does not exceed 50 m. The explosion of a 
spreading cloud on this site is not predicted, 
because the sites of well construction and repair 
works are located at a distance of more than 100 
m from the branch rotational camps, while the 
depth of clouds distribution does not exceed 50 m 
[11]. 

The possible number of victims in case of an 


accident is shown in table 3. 
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Tadsuta 3 

Table 3 


Bo3MoxKHOe KOJIMYECTBO MOCTpayaBLIMXx pH peaiM3alHu aBapuli 


Possible number of victims in case of an accident 

















Ne Asapniinoe KosmuecTBo nocTpayaBlinx 
THIOBOTO odopyioBanne, codniTHe, u 4YeJIOBeK, Yel. 
AsBapuiinaa ae 
cleHapua HHHWMUpyromlee canyon Number of injured persons, 
No. of a aBapHiiHylo CHTyalHio y persons 
typical Emergency equipment, the He 
. : Emergency Cmepre.IbHo 
Scenario event that triggers an CMepTeJIbHO 
Lethal 
emergency Not lethal 
OrxkpbiToe 
4 — rlepconal 
(boHTaHupoBaHue 2 
Bypopas ycraHoska, OypoBoit 
6e3 BOcIIIaMeHeHHaA, | | — nepcoHas 
ra30lposrBsIeHHe pu ? yCTaHOBKH 
paclipoctpaHeHue OypoBoit 
BeJeHHH padvot : BaXTOBOrO 
TOKCHYHOH WpuMecu yCTaHOBKU 
Cl moceyiKa 
Drilling rig, gas showings 
oe 8 a Uncontrollable 1 — the staff of 
when conducting operations : in ; 4 — the staff of 
blowout without the drilling rig a . 
ei : the drilling rig 
ignition, spreading 
- : and the camp 
of toxic impurity 
ByposBas ycTaHosBKa, 
ra30lposaBsIeHHe IIpu 
BeJ[eHHU padoT 
(pa3pylieHve moy3eMHoro =| MakelIbHOe ropeHue 
oOopy0BaHia BbIOpoca 
C2 Py ) P 3 3 
Drilling rig, gas showings Outburst jet fire 
when conducting operations 
(the destruction of 
underground equipment) 

















3akoueHne. PaspadoTKa MecTopoxyeHHi Ha 
ATKM COMpOBO*KTaeTca 
OMaCHOCTbIO — BO3MO2XKHBI BbIOPOCsI IIacTOBOrO 


MOBbILIEHHOM 


raza C COepxKaHHeM CepHHCTOTO BOZOpoNa OT 6 
% WO 26 % oT ero OObema. Ha ocHoBaHHH 3TOrO 
oObeKT OTHOCHTECA KO II kmaccy omacHocTH. 
AsBTopaMH ofipeyeseH HawOoslee onmacHBIi THI 
aBapHii Ha paccMaTpHBaeMOM OOBeKTe. DITO 
(bakesIbHOe ropeHve mMacToBoro dsrousa mpu 
OTKPbITOM (OHTaHHpOoBaHHH CKBaxKHHbI. B 
pe3ylIbTaTe aHHOM aBapH MOryT MocTpayaTb oO 
6 4eIOBeK epcoHasa, U3 KOTOPbIX JO 3 YeOBeK 
MOTYT 
mopaxeHua. Uacrota JaHHOW aBapHu COCTaBJIAeT 


TlOJTYUHTb CMeCpTCJIBHY!O CTCIICHb 
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Conclusion. The field production on AGKM is 
accompanied by a high risk — potential outbursts 
of reservoir gas containing hydrogen sulfide from 
6 % to 26 % of its volume. Based on this the 
object may be referred to the II class of danger. 
The authors defined the most dangerous type of 
accidents at the facilities. This is jet fire of 
formation fluid with uncontrollable blowout. As a 
result this accident can affect up to 6 employees, 
of which up to 3 people can get a fatal degree of 


damage. The frequency of this accident is about 


——3,——— 





BemmunHy opayka 9,06E—-04, l/rog [12]. B 
KayecTBe HavOoslee BepOATHOM PaccMaTpuBaeTcA 


aBapua, CBA3aHHad C pacripoctpaHeHuem 
cepoBogzopoyza mpH wosyaacoBoM  BbIOpoce 
TlacTOBoro dona u CBOeBpeMeHHONt 


OKaM3alHu apapuu. B pe3yibTaTe 9TOH aBapHu 
MOTYT HocTpayaTb WO 5 4eNOBeK, M3 KOTOPbIX 
OHH MOXKET MOJLYYHTh CMepTeIbHOe MoparxkKeHHe. 
Yactota JaHHOM aBapHH COCTaBHT 
mopagka 9,30E—03, 1/ron. 
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